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ABSTRACT: 

PROBLEM TO BE SOLVED: To obtain a semiconductor element which is 
manufacturable at a low cost and with high efficiency and which has a small 
number of lattice defects, and a manufacturing method therefor. 

SOLUTION: A light-emitting diode is constructed, such that an AIGaN low- 
temperature buffer layer 2, an MG -GaN first high-temperature buffer layer 3, an 
undoped GaN second high-temperature buffer layer 4, an n -GaN contact layer 5, 
an MQW active layer 6, an undoped GaN protective layer 7, a p-AIGaN dad layer 
8 and a p -GaN contact layer 9 are formed in sequence on a sapphire substrate 1 . 
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The layer 3 is formed on the layer 2 as a continuous film from the initial 
period of growth. As a result, the layer 3 has satisfactory crystallinity with 
reduced number of lattice defects, and hence can be formed into a thinner film. 
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G ao. es m*t>%h 5-xryWFmf> b fc 

«ifcJ:0\ £MMP#F«Bi£ M Q WS 
ffii6«ftw*. s^aatLT. «ttA®ryF- 

7*G a N*»£>$:S T y Y-TG a Nfi^Ul 7 
£. ^<0^<7)MQW?Sttl6tJj:t/TyH-7* 
GaN#MS7<9j££3[gHtO. 4nm/sT£>S. 
[0058] ±M<D X OtZLXT> H-TG a NftgJi 

7»«Lta. gssag* 1 1 5 ox:t±ff 1 1 

5 Ortftft Lfc*9$T'lSDB#X*5 it*** U 7#x£ 
ftttU MgfcJ:OpSfcH-r$*i<:#*ga^P-A 
lo.o5Gao.95Ni»^>'5rSp-A 1 GaN?77 KH8 
$ fefc, SStS££ 1 1 5 0Ttt:«»L 
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J: 9 pfifc K~7tt*i&JN£A«>P - G a N*»Mr* p 
-GaNr?y?:?Hg9£j£g$-£S. &fc. -ICD*§£ 
0)p-A lo. o5Gao.9sN?7-y KH8i>J:tf p-Ga 
N^y?? h«9^Sa^Ji*«;3jum/hT*S. 
[0059] _hE£&WC, p-Alo.05Gao.95N^ 
7-yKS8^J:tXp-GaN3y^^M9<0«^ffc 

l~3%fcffi<LT^&. «l£J:D, N 2 mB&*T 
10 ifeKB-t&vlt^MgK-nyhi&gttft-r^Cii:* 4 

T*. js^^u7«K^ps^*i3&«»^ns. 

[ 0 0 6 0 ] ±§i<7> X 3 1 l/Cfr? r 4 TS« 1 
Jf2~9£jfcg§-fr*:SL P -GaN3y^^hJg9± 
WBSiifcNivx^^L, <r*l£JBWt P -G 
aNay^^hS9A^n-GaN3y^^ba5*T 
<*>-#«8£R. I BES (aBtt-f^yb-Ax-zf-y 
^fc:J:Ox-/f-y^-rs. **ifcj:9. n-Ga 

20 165*: J 0 . A 1 mfrbttt nffl«ffil 2 

[0 06 1]-*. p-GaNr?y^^hS9±«0»i*ar 
^SBKN iffil Oafcil/AuKl ObJrHtaSL. 
pS8)Ht«filOfrffiri»-«. Stic. Pffi^3tttm 
flilO±<om«««tc:TilSl 1 afeit^AuKl lb 

zmtmmi. pm^vhwi iSrjgBW-s. 

pS^KttSffil OtJitfpfflK-y Fill ltiOQSK 

[0 06 2] pfflBS)Ktt«ffilO. pffl/^y K^ffil 1 
t5<tt^nffl«g 1 2 ZBtiLltZ®. 5 0 0"CT1?MPi5- 
30 fr3. ^^i3t:tT. pffl^3tttSffilOi&p-Ga 
Nny^^h«9t?i--S y^jSM$-frSi:tt>fc:. n 
flWffi 1 2 £ n -G a N 3 y ? ;? Hf 5 fc*- 5 «y 
MS**. 

[0 06 3] m±<o«t3t:LT. Hifc^r^^jr 

^^-Htt5V^T«. Mg-GaNgl§i8A*77Tl 
3*5jK^*«8*>^»^J8i: LT A 1 G a NfflaS/W 7 r 
«2±fe:»l£Sn^tf>. Mg-GaNIlSiS/\'77 

40 S. Mg-GaN^lBiaA'-/7re3±K$^ 
^fitt^Sff^Ty F-7G a N^2 «S/N*y 7 rS 
4*^«$*tTV^Jt«>. Mg-GaN^lgflA'77 

Z0)t:ib. ryH-7 , GaNSg2lSA'./7r 
®4±t:»j£§il^#fl5~9. 1ffcS^irej>?.M 

50 [0064] Mg-GaNmi^SyN*-y7rS 



1 3 

WW* y rJf 3fc £#7^ K-TGa N£2 W<y 
^T. n-GaNay^^hJ15<0lIS?r/h§<-rS 

ML&mir^MQwfflm6'&x<wmu m>2. o 

ft*. 

[00 6 5]±afc:t5^T«. S&lWW7rJf3# 
MgtfK-TSftfcGaNJi (Mg-GaNf) *»^>fi| 
fSLZtlX^Ztf. Ztlim^. MgtfK-TSfUtll 
I S^ft^i?^^ «fcWa. Al. In. Bfc 

fcAlBN. Al GaN. A1N, I nGaN^OIII 
1 * 7 r Jf 3 fcflWt LT 

[0066] mi®a^-77T^3$rffl^r&II 

i mmitm^mzv~-rt?>^mttLxii. m s 

JJWfc. Zn. Be^Xfi<7)IIft7^5rfflV^^fc*i-C 
HX-fcT. Zn^K-73tltGaN. A 1 N. A 
IGaN. A1BN S I nGaN^OMII 

mm>e>mm&*-y7Tm3imi&.Lxi>£i,\ 

[0067] S^t. migS>N'y7rE3tt£JHfJjS 

t-rzzthxzz. mm. lttttmwMg-G 

aNJgi:. l^ttt^aoMg-AlNfltSr^atS 
Jf LT&SMg-GaN/Mg-A 1 NSft^lfBiSrW 
•*4»l»<*7TJi3i:LTfcJ:H. wiB*Wii , 5-II 

MgmitLXf&M-rhoT. uwm&v-72ti 

1JOG a N^A 1 N«0j: 3 £2^tg=5:Sffldc£*-f 6 

1 BS^y 7 r Jf 3 i t i t> . #l«itO 
Mg-GaNSl ©&K- y 7rl3 JMLfci^!: R 

[00 68] ifc. m2saA.y7rfl4fc^>^Tt,m 

A 1 GaN. A1N. I nGaN^OIII 
®mpt>m2ft&>*y7Tm4t:®l8.LXi>X\.\ 

[0069] zo£o%&2mi&'<v7Tm4ii. mi 
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mm. ^lSfflA.y7r«3S:GaN36^«i«L^ 
£jfcfc-?"ttt, 8§2SiaA»/7TS4kGaN*>/>fi!j£ 
fc##£L<. SlSa^ y7r^3S-AlN*> 
^IMUfc^fcaWTJi. m2aia^*y7rS4fcA 

7ri4JIl KSA-y 7 r «3 £fitj£tSIII 

m2©ffl^V7rS40|gatt$'J:')l&l± 

10 [0 07 0] ifcfc. &M2, 5^9<rmm*. Ill 
Wtimmto. ttb*>GsL. A 1 , In. B&XTfT 
1 <^^r< 1 fc lo^^tfS^i^#«cA>^fl}«$<i 

[0 071 ] &i>. ±iEtiJV^T«. Mg-GaNSl 
©SA-y 7 Tl3ifc7y K-TG a N^2gaA', 7 
T«4#J&££ilT^&#. 7>K-7GaN$2gfl 
>'N*y7rfl4*5^«$^lgjfCA- 5 -Ct<J:VV £<0*§ 
fl*tfMg-GaNS!iliSia^>y7rJl3±fc:. K 
f2Mm«n-GaN3^? h«5#Jgj£$*lrt:lilii 

20 tit*. 

[0 07 2] TyK-7 , GaN^2^y7rJi4 
«Wn-GaN3^^ hM5<0mmi±^< 

■tzms. wmcommizftiXn-GaNay??hm 

•e^i)^.. Mg-GaN^l©iaA-y7r^3 

Mg-GaN|gl«iaK-y7r«3±fc:ryK- 
7G a 2 W'C? 7 r Jf 4 ^JSJ^S i i: L 

30 [0073] JJBfcrfcWCtt. TVK-rGaN 
^2Bia>N'>y7ra4±fc. nM^f*S. 

xxspm^mtmtmtmtfiztix^&tf. i>M.&m 
m. m^m£Vnmmm<7)m£.mis.ztixi>x 

[0 0 74]±fBK*JV^T«. c (000 1)H^S« 

mt-thvyT'iTmg.izm^x^&tf. momx 

&<r>V7T4TmgiZm^Xi>X\\ *>&\m. V7r 
4Tm6LlBWZ. Si. Xt*/k SiC. GaP. 
G a A s mfrhKhWfe fflV i> J: V^. 
40 [ 0 0 7 5 ] $ #E2~9 JfillSm.Sfl:?*)^ 

«««oiSfBfliiiJ±. *7)w%gm&x'b^x t, i < . ?) 

[ 0 0 7 6 ] *^ffl^5^«c^^<^St*a 

mamm?. h^yaxfrnnwrm?. 7*hyj 
Ftfjkog^i^isisrsfcfcv vc i>mm*itt?ct> 

50 yT-^Tumm^tzmtyjx-v. *m 
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[0077] 

immi lml^ml-l]m2^^jFctm:®$&mi* 
mmmrnzx *) . 02 ( d ) k^j: 3^-9-7 r^r 10 

rSSUfcAlGaNffiaA* 7 7rl2. Mg-Ga 
N^iaA./ y tM 3i5£VT>V-7G a NJf 4 JrJtfc: 

[0 0 78] *Wfc*JV^«. ryK-7-GaNB4<0 

-7*GaNJf4<7D&J?teO. 5~4 */m<0£Brtfc U 
AlGaNflKay\*y7r«2<OR5{i2 0nmi:t s M 
g-GaNl§&K>y7TJ13<D|gW48 0 nmfc Liz. 
[0079] ±£<DJ: otLXtimLtzZWmz^u 
X, XtSUHfrtJ: 0. TyK-7-GaNJf4<D*&&tt£ 20 
rFfiff Lit © 

[0080] [HJfcWl-2] Mg-GaNaS^77 
rW3<7)ftbOfc:K*80nmtfDMg-Alx Bi-xN 
&fiA.y7rJf 3£mut££-|&vvc. 38tWl-l 

t rnmmmtx omwm&xv rv h-t-g a n 

l4<0teatt<^fliS:^t. 

[0081] ±atHSfc:LT, KJP8 0 nm 

c7)Mg-Ali-y Gay Ng^77Tl3i)glSLt 
lffifcJ:VlS8 0nm(0Mg-Ini Gai-z N®S 
A.y 7r Jl3£»j£Lfcl«f,S:f1«U #*<0lSRtCO 30 
WC7 y K-7*G a N«4<0lS^e$-^fliUfc. 

[0082] [HttWl-3] Mg-GaNl^>7 
r a 3 <Dftb 0 KISS 2 0 n mff) 2 OOM g - G a NJI 
tmm 2 0 n mtf) 2-?tf)M g - A 1 NJf i: fcJffifcffJf L 
Tig80nmMg-GaN/Mg-A 1 Nj@f&^ 
ia/N'-/ 7 rlSJMliPOT^ H-7G a NB4 
S$-3/*mt>J:tX4jumfcL^i$-|^V^T. Wm\t 
LTSTOf^fc J:tXT> K-TG a N«4 tftfS 

[0083] [HSIWl-4] Mg-GaN^\'77 40 
r € 3 <Dttb 0 Z n # K-7*3*l*: G a N*»£>& Sjg 
?80nmOTn-Ga NSS'* -/ 7 r Jf 3 £ Lz> 
OT>- K-TG a N^4<0MS^ 2//m J3j:tX3 ju mi: 

XfTV K— 7*G a N«4^JgSttC0»«^1to^„ 
[0 0 84] [ttlx^l]H4fc^r^3lW)Mfl:!B5^ 
i '3.04(d) fcijrfi 3 fr-tf-7 
T 4 7*«« 5 1 ±fcA 1 G a NfiBrty 7 r Jf 5 2 & X 
XfTV H-7-G a Nl 5 3 £Mfc^j£bT&£iS85rtt 
SLfc. 50 
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[0 08 5] ^flfcfclvOL TVF— 7*GaNU5 3 

H-7GaNl53«IfJj0. 5-4 jLtmiO&Hftfc 
U AlGaNfiiaA.y7T^5 2cOKJ?Ji20nmf: 
ttz. 

[0086] iJB<7)«k 3 fcLTfl*US«Cf*teov> 

x. xrnmmz**). 7y*-7Gaum5 3<?ymii& 

[oo87]n*s0ii-i. $mm-3. mmi- 
Atavrnm i <oig*s-03 
[0088] 03tt. 2g*wi-i, nsswi-3. n 
ig0! i -4 tvimm 1 <or y h-7-g a N^ttjjt 

SKStX«lD.y^y^-7 (XRC) ^ffliifccois 

&£*ct0-e&s. xrc*mW(^5v«» r 

>-K-7GaNf4, 5 3<V&F B &tfiS^C\ t 
[0089] 03(^fJ:3K. mWl-ltiXVit 
KfllKfeWtli. 7>K-7GaNl4, 53v>mm 
nmtialzft'iXXRc^mtffi&L. *&&tt#i6LtL 

— 7"G aNf4 titXmi vy7V K-7-G aN153k 
ZltK&t. Mg-GaN«fi>K.y:7yJf3£»j£U: 
HStMl-l^)T>K-7'GaNM4«. Mg-GaN 
ifSKy y Tm3ZBf8.L%^ltMM 1 K-7-G 
aNB5 3tlt^TXRC¥ffi|S#/teK. ISStt*^ 

[ o o 9 o ] 03 tsjcfujfefia i - 1 sxviam 1 <o 

fe**^M g -G a 7 Tm3<Vim&i:%& 

mtzmttz tizkTox o . ttb*>. mm 1 

C0fSm3u m<r>T> K-TG a N B 5 3 fc HH^JfePBtt 

^Utewi -inr> H-TGa N^4t:*>v^-cie»r 

^3t*t«. TyH-rGaN@4«0KW&l. 5^m 
SK^ttltfJ:V\ CWidfcMg-GaNSS^m 
•T6^i:fc:«t0. Jt»0!l«ryh*-7-GaNS5 3fc 
it^T . HMf 1-1 (T)7> H— 7*G a N«4 £t$^X 

[0091] zzx. mimi-iowmi. 5um 

<7)7V K— 7"G a N® 4<^ffiti c J:tfitlJ0l<OKS^3 
umff)7> K-7GaNl 5 3^faB*T^* UiSSEt 

tt0i i - 1 <r>r > h-tg a nb 4 <rte®mmi 5 X 1 
o 8 ~2xio 9 cm-3-c*>0. ifflmioryF-T 

GaNJf 5 3?>*gft?&gJi5Xl 0 8 ~lX10>»cm 
- 3 Thiiz. ¥$Tt&t. TyH-7*GaNS4c^gfi[ 
?gS»±. TyH-7-GaNS5 3<0iKG?gS<0»55i-<0 
ltfcofc. icOidfc. Mg-GaNJf3£^j£t6' 
ittCiO. ^l-lW>K-7GaNl4t 
«i. Jt^SW 1 (QTy K— 7*G a Nfl 5 3 iZitKXffi&tf 

[oo9 2]HH^i-2tf*£Ui, m3\iz^tmm 
i-\<m&tmsx'h'>iz. ms-ai* 
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Bi-x N^&/iv7rf§3. Mg-Ah-j Gav Ni5 
a^»/7rS3i>J:tXMg- I ni Gai-z Nffi&rty 

y r m 3 tm&Ltimtm 1 - 207 > k-tg a wm 

4tt. Eti^fcfctt6JtSS^107yF-TGaNJI 

[0 0 9 31 Alx Bi-x NfciJtfSXOfi 

tffcfttiB?. Ali-v Gav N(C*5ft£Y<7)fi 

tf*»t122f. Inx Gai-z NtCfcttSZOfi 

*</h$V^5if. 7>-K-7GaNJi4<0XRC#«i# 

[00941 03fcijc$\J:3fc. Mg-GaN/ 

Mg-Ai Nmm-w^yyrm3^m&t^mm 

l-30ryH-TGaNB4Ji. ^tlfifftCiJftSlfc 
IfcW 1 (VTVY—TG a N Jl 5 3 fclt^T X RC^ffig 

[0095] 3*>t£. H3fc^-«tdfc. Zn-GaN 
iSfiA 77rl3 bfcltttW 1 - 4 or y F-7 

GaNS4«. mimm£t$viimmi<r)T>Y-7 

GaNS5 3tlt^-CXRC^ffli*J/h$<. fe&tttf 

10 0 9 6] v±<vmmi-ifrt>$mmi-4i$£ 

XfUMMllC^rtioiZ. Ga, Al, I nfcitfBcO 
4*Sr< *> lo^#t^ft!8j^Wfe6^«j£§ii*>o 
Mg£fc«Z n*JK-T3fut*»BBSifctt^flffl3§ 
»©aAy7r«3^»^-5C:tti'). Kfi'W? 
TJf3±fc^Lfc7yK-TGaNE40iK& (16? 

[00971 [HttM2]fiS/N*>x7rJi2±tcMg- 
GaNSl i^SA-y 7 r 1 3 1> itf 7> H— 7*G a Ng5 
2©S/N-y 7 r«4**»j£$ix/;0 1 fc*r$m^ * 
-KfcfcWC, pffl/^KBKl lfcn|HBffil2fcO 

[0 0 981 lMM2-\ rll02itn 
-GaNa^? FJf 1 0 3jWft££ilfcB5tSjctft 
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nfflsmsi 1 1 t^stie^isimE^BtfiDL^. 

[00991 ±SS.crmiim2iiix/itmi2izi5\ l \x. 

Zt/tW *-n$8g#}A 6 0 nm<93££fSL*:. CO 
kft", HSS0!2O5Bt^^-Hfc:fcV^T«. U3HH2 
Offcfci^ *- Kfcit<TI63IS&£#» 2 5 %[6l±L 
Jt. Mg-GaN^lsiaA-y7re3 
JSitf 7 y K-TG a N^2©ffl/N*y 7tI4 £jg|£t 

mi i *ikh^2»^**-?o-^^^^^r 

ffi0T*&. 

[@2i a i maty* *- Y^w&mv-m*^- 
[S3 ] mm i - 1 ariose! 1 -4mi/mm 1 

COT > F-TG a NJlfciSftS&JSi XRC^fflBtO 

[04 ] m^mmmmmtiumco-mi:* 

20 -T«5!C«ieBrBii0-e«>S. 

[05 1 mtmmtm?0>Hn£*m£mmm? 
as. 

[flF^oiiBB] 

1, 51, 101 -9-7r>fTS« 

2. 52, 102 iaA* 7 7Tl 

3 Mg-GaNSglai^^?^ 

4 T>'H-7'GaN^2©ffl>''«>y7re 
5. 103 n-GaNrjy^FJf 
6 MQW?Stt« 

30 7 T>'K-7 , GaNflKa® 
8 p-AlGaN?57h'I 
9, 109 p-GaNny?? Wl 

10 pfflS3fettBffi 

11 pM/tvrafi 
12, 111 nfllfi 

5 5 teiiL(WHm) 
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